Emerging evidence points to reactive glia as a pivotal factor in Parkinson's disease (PD) and 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesioned mouse model of basal ganglia injury, but whether astrocytes and microglia activation may exacerbate dopaminergic (DAergic) neuron demise and/or contribute to DAergic repair is presently the subject of much debate. Here, we have correlated the loss and recovery of the nigrostriatal DAergic functionality upon acute MPTP exposure with extensive gene expression analysis at the level of the ventral midbrain (VM) and striata (Str) and found a major upregulation of pro-inflammatory chemokines and wingless-type MMTV integration site1 (Wnt1), a key transcript involved in midbrain DAergic neurodevelopment. Wnt signaling components (including Frizzled-1 [Fzd-1] and β-catenin) were dynamically regulated during MPTP-induced DAergic degeneration and reactive glial activation. Activated astrocytes of the ventral midbrain were identified as candidate source of Wnt1 by in situ hybridization and real-time PCR in vitro. Blocking Wnt/Fzd signaling with Dickkopf-1 (Dkk1) counteracted astrocyte-induced neuroprotection against MPP + toxicity in primary mesencephalic astrocyte-neuron cultures, in vitro. Moreover, astroglialderived factors, including Wnt1, promoted neurogenesis and DAergic neurogenesis from adult midbrain stem/neuroprogenitor cells, in vitro. Conversely, lack of Wnt1 transcription in response to MPTP in middleaged mice and failure of DAergic neurons to recover were reversed by pharmacological activation of Wnt/β-catenin signaling, in vivo, thus suggesting MPTP-reactive astrocytes in situ and Wnt1 as candidate components of neuroprotective/neurorescue pathways in MPTP-induced nigrostriatal DAergic plasticity.
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Introduction
The 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP)-lesioned mouse model of basal ganglia injury recapitulates many of the pathogenetic processes operative in Parkinson's disease (PD), a common neurodegenerative disorder characterized by the progressive loss of dopaminergic (DAergic) neurons in the subtantia nigra pars compacta (SNpc) and astrogliosis (Jackson-Lewis and Przedborski, 2007) . The neurotoxin MPTP, converted into its active metabolite,1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPP + ) in astrocytes, is selectively transported into striatal DAergic terminals via the DA transporter, DAT, where it induces oxidative stress, the opening of mitochondrial permeability transition pore (mPTP), the release of cytochrome c, and the activation of caspases (Abou-Sleiman et al., 2006; Jackson-Lewis and Przedborski, 2007) . In synergy with these early events accounting for approximately 10% of DAergic neuronal death (Wu et al., 2002) , glial inflammatory mechanisms are thought to contribute to nigrostriatal DAergic degeneration (Benner et al., 2004; Gao and Hong, 2008; Hu et al., 2008; Hoang et al., 2009; Hirsch and Hunot, 2009) .
Astrocytes and microglia normally play neuroprotective roles; however, upon MPTP-mediated neuronal injury, activated microglia produce a panel of cytotoxic mediators including reactive oxygen and nitrogen species as well as proinflammatory cytokines that may perpetuate/exacerbate glial activation, thereby increasing neuronal vulnerability and/or promoting DAergic cell death (McNaught and Jenner, 1999a,b; Vila et al., 2001; Wu et al., 2002; Streit, 2002 
Contents lists available at ScienceDirect
Neurobiology of Disease j o u r n a l h o m e p a g e : w w w. e l s e v i e r. c o m / l o c a t e / y n b d i
